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ABSTRACT

A highly selective, controlled-potential coulometric
method has been developed for the determination of plutoni-
um. An automated instrunent, consisting of commercial
electronic components under control of a programmable cal-
culator, 1s being constructed.

INTRODUCTION

A series of automated instruments is being developed
for the determination of uranium and plutonium. The first
instrument in this series, an autnmated spectrophotometer
for the determination of both uranium and plutonium, has
been described in another paper] presented in this confer-
ence. A s~cond automated instrument, for the controlled
potential coulometric determination of plutonium, is under
corstruction. Like the automated spectrophotometer, it
will feature high tolerance to impurity elements present in
nuclear fuel cycle materials and measurement of low-milli-
gram levels of plutonium. The expected measurement preci-
sion is 0.1-0.27% relative standard deviation, about five
times better than is obtained with the automated spectro-
photometer. Analysis time per sample will range from
about 15 to 30 minutes contrasted to five minutes for the
autonated spectrophotometer,

This paper describes a versatile apparatus using com-
mercial components that has been assembled for the investi-
gation of electrometric titration systems, the development
of a highly specific, controlled-potential coulometric
method for plutonium, and the construction status of the
autouated instrument that will incorporate many of the com-
ponents of the versatile apparatus.
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VERSATILE APPARATUS FOR INVESTIGATIEG
ELECTROMETRIC TRITATION SYSTEMS

This apparatus, consisting of commcrcial components,
is centered around a Princeton Applied Research Corporation’
173D Potentiostat-Galvanostat (having a compliance voltage
of + 100 at currents up to 1 A) and 179D Digital Coulometer
(having an integration reproducibility of 0.02I full scale)
that are interfaced to a Hewlett~Packard 9825A Programmable
Calculator. Interfaced and under control of the calculator
are a scanner, digital multimeter, a digital-to-analog con-
verter, a clock, and a digital plotter, as shown in Fig. 1.
The calculator controls most functions of the potentiostat

and the coulometer, and receives and processes data from
them.
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Fig. 1. Versatile electroanalytical apparatus.




Cuntrolled potential or controlled current titrations
are done with the calculator establishing and controlling
electrolysis conditione and monitoring the variables of
interest such as current, voltage, coulombs, and time. Tae
output data can be procesased on-line, decisions made, and
conditions adjust:»d, or the data can be stored on a magnet-
ic tape cassette for later analysis. The digital multime-
ter measure¢s the desired variable as sclected by the scan-
ner. The digital-to-analog converter provides capability
(to the calculator) to select a desired electrode potential
when operating in the controlled-potential mode or the cur-
rent when operating in the controlled-current mode. During
all phases of an electrolysis, the on-line digital plotter
recovds the variables of interest, usually a plot of log,o
current vs time or electrode potential vs time. ’

The calculator uses a simple, high-level languaye and
programs are easlly changed. This flexibility provides ca-
pability to thoroughly evaluate the many factors that in-
fluence an electrotitration. For example, cne program car-
ries out a controlled pntential coulometric titration in-
volving reduction at a set potentlal and scquential oxida-
tion at two different potentials. The controlled opera-
tional sequence includes (1) clearing the coulometer, (2)
setting the reduction electrode potential, (3) electrulysis
to a selected background current level, (4) outputting cou-
lowbs, (5) resetting the coulometer, (6) setting the first
oxidat ion potential, (7) electrolyzing to a selected back-
ground-current-level endpoint, (8) outputting coulombs, (9,
10, 11, 12) repeating (5, 6, 7, ard 8) for the second oxi-
dation, and (13) stopping the clectrolysis. The electroly-
sls can be interrupted at any time for manual operation and
can be returned to any point in the calculator-controlled
mode.

CONTROLLED-POTENTIAL Cuu.OMETRIC METHOD
FOR PLUTONIUM DETERMINATTON

A method has been developed ttat features high specif-
iclty, a precision of 0.1 to 0.27%7 relative standard devia-
tion at the 5-mg plutonium level, and onerational simplic-
ity lor adaptation to an automated instrument. Plutonium
is reduced to Pu(III) in HCl-sulfamic acid electrolyte,
diverse ions are oxidized at a potential below where
Pu(IlI) is significantly oxidized, phosphate is added to
lower the Pu(III)-Pu(IV) potentianl, and Pi(III) is titri-



metrically oxidired to Pu(IV). The scheme was suggested by
a recent pnperz vhich described a potentiometric titration
in which the reduction and oxidations werc done chemically.

Table 1 summarizes the half-cell potentials of Pu(III)
-Pu(1V) and Fe(1I)-Fe(ill) as a function ¢~ HC]l molarity,
meagured using the apparatus dc..:ribed pLoviously. The
maximum difference of about 0.32 V In these half-cell po-
tentials 18 essentially constant ouver the HCl molarity
range of about 5 to 7.4. This difference is ample so that
iron, a troublesome interference in most plutonium electro-
metric methods, can be oxidized with litt)le oxidation of
plutonium. The 5.5 M HC1 level was selected for the elec-
trolyte. The apparent advantage of lower values for both
half-cell potentials at higher HC1 concentrations is more
than offset by increased background currents from clectro-
lysis of HCl. A potential of 0.57 V (all electrode poten-
tials are vs SCE) was seclected for the initial oxidation at
which ~» 99.99% of the iron and 0.252 of the plutonium is
oxldized.

For oxidation of Pu(III) to Pu(IV), a complexant must
be added to reduce the half-cell potential to below the
Table 1. UHALF-CELL POTENTIALS OF Pu(III)-Pu(IV) AND

FE(I1)-Fe(III) IN HC1

HCL Half-Cell Potentials (vs SCE)
Molarity  Pu(III)-Pu(IV) Fe(I1)-Fe(III) Difference

2.5 0.705 0.446 0.259
4.7 0.701 0.397 0.304
5.5 0.686 0.372 0.314
5.8 0.686 0.371 0.315
6.6 0.662 0.343 0.319
7.0 0.649 0.332 0.317
7.4 0.640 0.323 0.317



level where HC1 oxidizes. Of various rcagents evaluated,
phosphate, added as NalP0,, was most effoctive. 1In 5.5M
HCl containing 1M Nai,P0, the Pu{l1II)-Pu(IV) half-cell
potential is lowered to 0.50 V and > 99,91 cxidation is
attalned at 0.68 V with insignificant oxidation of MNC1.

Selected operating conditions for the method are 10 ml
of 5.5M HC1-0.015M sulfamic acid (added to increase toler-
ance to HNDj) clectrolyte, an initial reduction at 0.25 V,
an oxidation of diverse ions at 0.57 V, aiddition of 2.5 ml

of 5M NaH.PO,, and oxidation of Pu(I1l) to Pu(iV) at 0.68 V.

A current endpoint of 50 pA is used for all three electro-
lyses. To attain highest reliability, background correc-
tions are cstablished by blank electrolyses using the same
time durations as for sanples.

Detalled investigations of diverse lon effects are
summarized in Fig. 2 for 50 metal cations and in Table 2
for 24 nonmetal and thrce metal anions.
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Fig. 2. Metal cations interference effects.



TABLE 2

ANTION INTERFERENCE EFFECTS

Highest Mole Ratio" Highest Mole Ratic]
Nonmetal Tested with No In- Nonmetal Tested vwith No In-
An{ion terference Anion terference —
Acetate 500 I~ 50
Borate 500 10, <S5
Br 5 NO, 50b
BrO, <5 Oxalate <5
Citrate 500 ro,’” < 25
c1” 500 s* <5
C10, <5 so,z <5
cio;, 500 S0, :_ 50
EDTA 500 S20;4 <35
F <5 S,02" 5
Formate 500 SCN™ <5
H,0; 50 Tartrate 50

Highest Mole Ratioa

Metal Tested with No In-
ion terference
Mno, "~
~2
MoO y 1l
Vo3 1

aMole ratlo relative to plutonium, plutonium level = 0.02
millimole (5 mg). A < 5 value means interference at this
level.

bNot tested at 500 wole ratio because of possible degrada-
tion of placinum gauze working electrode by HC1-HNO3 mix-
ture.



No metal cation normally prescnt in nuclear fucl cycle
material interferes (defined as a change significant at the
952 significance level vclative to plutonium alone) at an
equal wole ratio relative to 0.02 millimale (5 mg) of plu-
tonium. Ouly four metals, antiwony, gold, fridium, and
selenium, interfere at a 0.l-mole ratio. These oxldizce at
the 0.68-V mcasurement potentia' to causc positive bjas.
Turgsten and thallium pavtially oxidize at 0.68 V, produc-
ing ‘positive bias at an equal mole ratio, but no effect at
a 0.l-mole ratio. Platinum, the working electrode mater-
ial, uncexpected’y interferes giving 2 positive bias., Zir-
conium and hafnium precipitate as phosphates that partially
ccclude plutonium to causc negative bias at an equal mole
ratio. At a 0.l1-mole ratio, the cffect is not significant.
All members of the alkali, alkalinc carth, and lanthanide
froups were not tested. Results for representative mem—
bers arc considercd to apply to all members. Cerium and
curopium were tested because they have oxidation states,
Ce(IV) and Eu(Il), other than (I11I).

Nonme tal anions werce tested first at a 500 mole ratio
relative to plutenium, at a plutonium level of 0.02 milli-
mole (5 mg). If therc was a significant ecffect, lower mole
ratios of 50 and then 5 were testved. The three metal an-
ions were tested at an equal mole ratio. Most interfering
nonmet 21 ions are effectively removed by perchloric acid
fuming, successfully shown for Br~, Br0;, C10,, F~, H,0,:,
17, 103, NO3, S?7, S0327, and SCN-.

Contrary to what generally is believed, the reduction
of Pu(VI) to Fu(IlI) is rapid (at 0.25 V) in the HCl-sulf-
amic acld electrolyte. The method therefore applies to the
deterrination of total plutonium present in all its oxida-
tion states.

The diverse ion interference study subjected the plat-
inum gauze working electrode to rough treatments without
serious effect. The background currents for reduction and
both oxidations remained satisfactorily low. The only ad-
verse cffect was an increase in electrnlysis time, espe-
clally for the C.68-V plutonium oxidation, which increased
about twofold. Normal performance is restored by a simple
treatment of sequential immersions in hot 16M HNOj3, water,
and 12M HC1.



STATUS OF AUTOMATED INSTRUMENT

Construction of an automated instrument is underway.
The electronic components are essentially the same an des-
cribed previously for the versatile apparatus. The poten-
tiostat is modified for external control of the selector
svitch by the program able calculator.

A 49-cm-diam turntalle, holding up to 24 electrolysis
cellc, rotates the cells Lnto position under a fixed Teflen
support. Thia support holds thc elcctrodes, stirrer, ond
tubes thot deliver reagints, rinsing sclution, and nitrogen
gas. A pneumatically driven cylinder will taise a aimple
cylindrical cell into josition against tne Teflcon support,
forming an air-tight ceal. The 1ifting mechanism has been
satiafactorily tested.

Vigorous, yet reproducible stirring is necessary to
artain font and precise electrolyses. This is provided by
8 glias paddle that ies rotated at 1800 rpm through a close-
fitting hole 1a the Teflon support.

The reagent dispensers, ayringera driven by a combin.d
hydraul{~-pneumatic system, are puttcrncd after those used
with the automated spectrophotometer.’ Only glass, Teflon,
and Kel-F contact the corrosive reagents. Their construc-
tion and tcsting is complete.
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